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aBStraCt  african hunter-gatherers, Baka Pygmies (n = 276, ≥ 17 years of age) from the 
southeastern part of Cameroon participated in an assessment study of their blood pressure (BP) 
measurements. for comparison, data from 2 different Japanese populations (h with n = 632, 
and y with n = 131 groups) were used.      
 there were no differences in systolic/diastolic BP in the Baka Pygmies with respect to the 
sex. a comparison of BP showed that neither systolic nor diastolic BP increased with age in 
Baka Pygmies, but it increased in the y group (from 20 to 60 years).   
 the average systolic/diastolic BP in Baka Pygmies (122.8 ± 10.9/71.2 ± 8.6 mmhg) was 
significantly lower than that of the h and the y groups (126.1 ± 17.5/80.3 ± 11.3 and 131.6 ± 
15.4/78.8 ± 9.9 mmhg, respectively). Most of the systolic and diastolic BP measurements in 
the h and the y groups were classified high-normal or grade 1 hypertension, whereas BP of 
most Baka Pygmies were classified as normal or optimal. these results revealed that an average 
BP of approximately 120/70 mmhg did not increase with age in Baka Pygmies living in the 
rainforest hunting and gathering for their living.
key Words: hunter-gatherers; Baka Pygmies; Blood pressure; tropical rainforest.
introduCtion
historically, humans used to move around hunting for their food and a place 
to sleep, providing sufficient exercise to compensate for any food ingested as 
well as time spent sleeping. it is difficult to maintain physical health without 
appropriate amounts of exercise. in addition, lack of physical activity throws 
circulatory organs off balance, resulting in poor blood circulation, followed by 
high blood pressure (BP).
Many studies support this hypothesis, and researchers have suggested that BP 
in people living in hunting and gathering societies does not increase with age but 
rises as they live in civilized nations (donnison, 1929; kaminer & lutz, 1960; 
lowenstein, 1961; Cruz-Coke et al., 1964; Prior et al., 1968; Barnicot et al., 
1972; truswell et al., 1972). furthermore, in times of war, high BP rates dropped 
drastically (lups & franke, 1947; Watanabe, 1947a), and stroke mortality rates 
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also decreased (Watanabe, 1947b). Some previous studies found a decrease in 
high BP through physical training (kataoka et al., 1977; 1982; 1983). Positive 
effects of physical training and reduced food intake on blood circulation (Sano 
et al., 1988) and BP (kataoka et al., 1983) have been reported.
recently, many researchers have examined the effects of the natural environment 
on the mind and body (kamiyama, 1983). one such research group, of which the 
primary investigator was a part of had organized camp programs for middle-aged 
people for over 20 years.
the purpose of the camp programs was to improve health using the natural 
environment with the aim of minimizing modern life factors such as binge eating, 
lack of exercise, and stress from modern society. each camp program lasted for 
3 days and 2 nights, and participants ingested reduced amounts of food (1100–1400 
kcal/day) and exercised more (walking for 10–14 km in the morning). each day 
started with slow-pace running before breakfast, and after lunch and rest, outdoor 
sports and recreations were provided. Campfires were made after dinner. on the 
second day, both systolic and diastolic BP decreased after the morning walk 
and continued to decrease throughout the afternoon. at the end of the program, 
overall BP had decreased (Wada et al., 1993).
kawamura (1994) organized a camp program for 21 elderly people (average 
age 70 years) in oregon in the united States and found a positive effect of camp 
life within a natural environment. BP and pulse wave acceleration to assess blood 
circulation dynamics were measured in each participant before each meal (breakfast, 
lunch, and dinner) for 14 times in 6 days. the first measurement took place before 
dinner on the first day, and the last measurement happened before breakfast on 
the 6th day.
Seven participants had high BP at the beginning of the camp program (153.4 
± 12.5/82.6 ± 8.5 mmhg), with an average of 156.6 ± 16.3/81.1 ± 8.9 mmhg 
on the second day’s morning. however, on the 6th day, average BP began to 
decrease and eventually decreased substantially to 135.7 ± 8.4/70.3 ± 4.2 mmhg. 
furthermore, blood circulation had increased. the program required the participants 
to walk more, eat less, and enjoy their time during the camp. the results suggest 
that a balanced life of mind and body living in a natural environment had a 
positive effect on their health.
even though various causes can be considered responsible for the rise in 
resting BP, excessive stress from modern life is one of the major indicators 
that cannot be neglected. therefore, in the current study, we examined BP in 
african hunter-gatherers, Baka Pygmies, who still live in the forest where they 
have little or no stress from modern society.
MethodS
Participants
the participants were Baka Pygmies living in the rainforest close to the border 
of the Congo in southeastern Cameroon. this study lasted for a month from the 
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middle of august through the middle of September for 2 consecutive years (2002 
and 2003). a total of 430 Baka Pygmies in 23 different settlements on the road 
between the town of Moloundou, the sub-prefectural capital in Boumba-ngoko 
department, and the village of ndongo, about 40 km west from Moloundou, 
participated in this study. five investigators visited each settlement to explain the 
purpose, methodology, and dates of the study to each settlement’s representative. 
Some settlements were close to the lodges of the investigators, but the other 
settlements were so remote that they required the investigators to backpack for 
5–10 km carrying their research material, sufficient water, and the food that they 
acquired from Moloundou (fig. 1). among 23 settlements, the villages of tembe 
iii and abondo ii were absent, therefore these villages were eliminated from the 
list. although people in the ajala settlement do not have a foraging lifestyle and 
rely upon only agriculture, the investigators measured 2 of the Baka Pygmies 
from this settlement.
one young Baka Pygmy accompanied the investigators as an interpreter through-
out the 21 settlements. he was deeply trusted by the inhabitants of each village, 
which helped the study to be performed without difficulty. Some Pygmies from 
each settlement also volunteered to help collect data.
Materials and Procedures
as the actual ages of the participants were unknown, ages were carefully 
estimated. of the 430 participants from the 21 settlements, we analyzed in detail 
276 individuals whose estimated age was ≥17 years. Measurements included 
height, weight, and BP. height was measured in an assembly place called mbanjo 
by using a plastic tape measure with 1-cm increments.
Weight was measured by using a digital scale with an accuracy of 0.1 kg. With 
a digital oMron heM-759P BP monitor, BP was measured 2–3 times with the 
subject in a seated positions after 5–10 minutes of resting, and the lowest BP 
was used in our analysis.
We compared the average BP of 276 Baka Pygmies with the average BP of 2 
different groups of people in Japan, designated y and h groups. the y group 
included 131 faculty members of the university of yamanashi whose BP was 
measured at an annual check-up. the h group included 632 people from a city with 
the smallest coherent population (55,000 people) in the northwest of Metropolis of 
tokyo. these 632 city-dwellers participated in physical fitness courses that were 
held twice a year in the city. 30–40 people were recruited for each course, which 
took place once a month for 3 months. the participants in the course filled out 
a health checklist while their BP and pulse wave acceleration (to assess blood 
circulation) were measured. furthermore, before every fitness class started, the 
healthcare specialist analyzed the participants’ health (medical interviews, BP, 
pulse wave acceleration, etc.). one of the current investigators was able to collect 
these data to use for the current study after having been a healthcare specialist in 
this field for 20 years.
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Fig. 1. the location of settlements and 40 km travel from Moloundou.
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reSultS and diSCuSSion
height, Weight, and BP of the Baka Pygmy Participants
the height, weight, and BP of all 276 Baka Pygmies (estimated 17–65 years 
of age) are shown in table 1. there were 144 men and 132 women with an 
average age of 32.8 ± 12.6 years and 31.2 ± 10.0 years, respectively. the average 
heights and weights for men and for women were 153.8 ± 6.6 cm and 50.7 ± 7.2 
kg, and 146.4 ± 5.4 cm and 45.5 ± 5.7 kg respectively. these averages for height 
and weight were similar to those found in another study of Baka Pygmies: 154.4 
± 6.0 cm and 49.6 ± 6.2 kg for men and 146.6 ± 4.8 cm and 44.4 ± 5.7 kg for 
women, respectively (yamauchi et al., 2000).
the average systolic BP was 123.4 ± 10.3 mmhg for men and 122.3 ± 11.6 
mmhg for women. the average diastolic BP was 70.8 ± 8.5 mmhg for men and 
71.6 ± 8.7 mmhg for women. as there was not much difference in the systolic 
and diastolic BP according to the sex, we eliminated the sex variable and combined 
the groups of men and women to analyze the effect of age on BP.
Baka Pygmies’ Blood Pressure by age
figure 2 shows the BP data of the Baka Pygmy participants and the Japanese 
y group by age group. figure 2 shows that there was no significant increase in 
systolic BP of Baka Pygmies aged in their 20s (17–29 years old), through 30s 
(31–39 years old). there was a tendency of an increase in the average systolic 
BP of Baka Pygmies aged in their 40s through 60s. there was no significant 
difference between the average systolic and diastolic BP. furthermore, there was 
no increase in diastolic BP in any age group (20s through 60s).
y group Blood Pressure by age
in contrast to the Baka Pygmies, the y group participants in their 20s through 
30s did not show significant differences in systolic BP, whereas comparisons in 
the y group between those in their 20s and 60s showed a significant difference 
in systolic BP (P < 0.01). furthermore, comparisons in the y group between age 
Table 1. average blood pressure, height, and weight of Baka Pygmies according to the sex
Subject age Stature Weight Systolic BP diastolic BP
(cm) (kg) (mmhg) (mmhg)
Male
(n = 144) 32.8 (± 12.6)
a 153.8 (± 6.6) 50.7 (± 7.2) 123.4 (± 10.3) 70.8 (± 8.5)
female
(n = 132)
31.2 (± 10.0) 146.4 (± 5.4) 45.5 (± 5.7) 122.3 (± 11.6) 71.6 (± 8.7)
a X ± Sd.
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groups 30s and 40s, 30s and 50s, and 30s and 60s showed significant differences 
in the systolic BP (P < 0.01, P < 0.001, and P < 0.001, respectively).
the diastolic BP data showed a similar trend. a comparison between the 
participants of the y group in their 20s and 30s showed no difference, whereas 
comparisons between the participants in their 20s and 60s, 30s and 40s, 30s and 
50s, 30s and 60s, and 50s and 60s showed statistical differences (P < 0.01, P < 
0.01, P < 0.001, P < 0.001, and P < 0.01, respectively). therefore, although Baka 
Pygmies did not show any statistically significant difference in BP with aging, 
the BP of the y group from Japan increased remarkably with age.
Comparisons of Baka Pygmies and y group
When comparing the data of Baka Pygmies and participants from the y group, 


























































Baka Japanese Baka Japanese Baka Japanese
17–29 156 7 121.1 ± 10.4 122.6 ± 13.1 71.0 ± 8.1 74.9 ± 8.4
30–39 43 34 121.1 ± 10.4 125.4 ± 9.2 71.3 ± 10.4 73.4 ± 9.2
40–49 49 50 127.4 ± 13.8 132.0 ± 13.2 72.4 ± 9.7 79.4 ± 9.3
50–59 23 32 126.4 ± 12.6 137.8 ± 19.29 70.8 ± 9.9 82.3 ± 11.7
60~ 5 8 129.0 ± 15.2 139.3 ± 5.9 69.9 ± 14.6 87.5 ± 8.4
**
* P < 0.05  ** P < 0.01  *** P < 0.001  
Fig. 2. Blood pressure of Baka Pygmies and y group (Japan) by age.
41Blood Pressure of Baka Pygmies living in Southeastern Cameroon
differences in both groups. Statistically, in the group who were in their 40s, Baka 
Pygmies had much lower diastolic BP (72.4 ± 9.7 mmhg) than the y group (79.4 
± 9.3 mmhg) (P < 0.001). in the 50s age group, both the systolic and diastolic 
BP showed significant differences between Baka Pygmies and the y group (P 
< 0.05 and P < 0.001, respectively). the Baka Pygmies in their 60s showed 
significantly lower diastolic BP compared with the y group (P < 0.05). overall, 
when comparing both the systolic and diastolic BP in any age group (20s through 
60s), Baka Pygmies showed much lower average BP than the y group.
Comparison of Baka Pygmies, y group, and h group
We compared the BP of Baka Pygmies (n = 276), the y group (n = 131), and 
the h group (n = 632). figure 3 shows the average systolic and diastolic BP of 
all the groups and a graph of all of the participants’ systolic and diastolic BP 
measurements. the average systolic/diastolic BP of Baka Pygmies was 122.8 ± 
Fig. 3. Correlation between systolic and diastolic blood pressure.







































Group n Systolic BP Diastolic BP
X ± SD mmHg X ± SD mmHg




Japanese H 632 126.1 ± 17.5
(t = 3.3***)
(t = 5.4***) 80.3 ± 11.3
N
(t = 7.9***)
Japanese Y 131 131.6 ± 15.4 78.8 ± 9.9
** P  <  0.01 *** P  < 0.001
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10.9/71.2 ± 8.6 mmhg, which was much lower than the respective values of the 
h group (126.1 ± 17.5/80.3 ± 11.3 mmhg) and the y group (131.6 ± 15.4/78.8 
± 9.9 mmhg). the Baka Pygmies’ systolic BP was significantly lower than that 
of the h group (P < 0.01) and the y group (P < 0.001). furthermore, the h 
group had significantly lower systolic BP (P < 0.001) than the y group. the 
Baka Pygmies’ diastolic BP was also significantly lower than the h and the y 
groups (P < 0.001), whereas there was no statistically significant difference in 
diastolic BP between the h and the y groups.
figure 3 shows systolic and diastolic BP based on the 1999 World health 
organization, international Society of hypertension guidelines (guidelines Subcom-
mittee, 1999). Many of the Baka Pygmies’s BP values were the range of 120/70 
mmhg, which were classified as either optimal (120/80 mmhg) or normal (130/85 
mmhg).
the distribution of grade 1 hypertension (or high BP) (140–159/90–99 mmhg) 
was very small for the Baka Pygmies.the h and the y groups showed wide BP 
distributions. although some BP values were classified as optimal or normal, 
many others were classified as grade 1 hypertension (140–159/90–99 mmhg) or 
grade 2 hypertension (160–179/100–109 mmhg).
lifestyle and Blood Pressure
individual health and blood circulation are strongly related. generally, aerobic 
exercise is effective for ameliorating circulatory function and metabolism and 
prevents adult disease. aerobic exercise improves blood circulation and efficient 
transport of oxygen and nutrients. in a non-sedentary person, blood circulates 
through the heart with well-balanced function not only because of the heart’s 
pumping action and muscle contraction-relaxation but also because of the increased 
pumping action of intrapleural pressure occurring from increased respiration. Being 
active also stimulates better and balanced venous and arteriovenous flow. therefore, 
it is difficult to maintain a healthy blood circulation system without regular 
physical activity. furthermore, the lifestyles of people living in modern civilization 
contradict fundamental schemes of how human bodies should move, possibly 
resulting in many health problems including high BP and early-onset adult diseases. 
excessive nutrient intake, lack of physical activity, increased activity at night, and 
less time sleep are major factors in causing unbalanced functions of circulatory 
organs, which aggravates blood circulation systems while consequently increasing 
BP.
Some studies showed a relationship between lifestyles and blood circulatory 
systems. although there is a tendency in developed countries for BP to increase 
with age, this tendency is not seen in developing countries (Barnicot et al., 1972; 
Cruz-Coke et al., 1964; kaminer & lutz, 1960). one researcher reported that as 
societies became modernized and people shifted their lifestyle from hunting and 
gathering to agriculture, BP increased as aging occurred (truswell et al., 1972). 
furthermore, during times of war, many reports showed drastically lower BP, and 
cerebral strokes and heart attack mortality rates also decreased (lups & franke, 
1947; Watanabe, 1947a).
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the current study focused on hunter-gatherers living with nature in the african 
rainforests and examined their lifestyle and its effects on their health. it is believed 
that they have a much lower chance of getting adult diseases including heart 
diseases, vascular brain diseases, and malignant growths.
Baka Pygmies, especially the men, have very little body fat and much more 
muscle. there was no obesity in either the men or women. Consistent with the 
well-known strong relationship of obesity and high BP, the Baka Pygmies had 
significantly lower BP (120/70 mmhg) than the h and the y groups. it seems 
that people living a rich life, with easy access to basic needs (e.g., food) have 
weakened their natural ability to endure harshness in nature. this loss of endurance 
can be stressful and contribute to problems of the mind and body. today, Baka 
Pygmies in africa rely not only on animals and plants in the wild but also on 
agricultural crops. they have high adaptability to live well in differing conditions 
in nature. although their exact ages are unknown, we do know that Baka Pygmies 
do not usually live long. however, it seems that they are happily living and 
cherishing the nature around them.
Baka Pygmies who live in hunting, gathering, and farming societies in the 
african rainforest do not necessarily consume large amounts of high nutritious 
food. these Baka Pygmies are required to exercise in order to obtain their food 
on a day to day basis, and their BP show healthy values. the purpose of this 
study is to corroborate the hypothesis that exercise and diet control have positive 
effects on BP. in the modern lifestyles, moderate exercise and restricted diets are 
important and effective in order for people to maintain healthy BP rates.
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